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1 P03JTC023 
SYSTEM AND METHOD OF CONTROLLING AUTOMATIC TRANSMISSION 



BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a control system for an automatic transmission. 
5 which is suitable, particularly, for start control of a V-belt type continuously variable 
transmission (CVT) at an ultra-low temperature. 

[0002] In motor vehicles including an automatic transmission, a hydraulic system for 
transmission fomis a drive load on a starter motor at engine start. At an ultra-low 
temperature of - 20 to - 40°C, particulariy, the oil viscosity is higher to increase the 
10 resistance of the whole hydraulic system, decreasing cranking rotational speed, leading 
to degradation of the engine start-ability. 

[0003] In order to prevent such inconvenience, a typical control system for automatic 
transmission sets provisionally an indicated value of the line pressure at a minimum 
when a detected oil temperature is low at engine start, reducing a drive load on an oil 
15 pump, thus enhancing the engine start-ability. And when selecting a drive 
range during the minimum line-pressure control, the indicated value of the line pressure 
is set at a maximum as soon as the engine speed reaches a predetemiined value, 
increasing the line pressure in a stroke, supplying the hydraulic pressure to engagement 
elements. 

20 [0004] The maximum value of the line pressure is created by draining or reducing the 
source pressure of the oil pump to a "design maximum value" through a pressure 
regulating valve. The typical control system, which aims to enhance only the engine 
start-ability at the time of ultra-low temperature start, sets an indicated value of the line 
pressure at a maximum as soon as the engine speed reaches a predetermined value, 

25 having possible occun^ence that the indicated value reaches a maximum before 
regulating the line pressure. 

[0005] In that case, since the pressure regulating valve has a drain port closed before 
regulating the line pressure, and is not supplied with the hydraulic pressure enough to 
reduce the source pressure to the "design maximum value", the engagement elements 
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2 P03JTC023 
of the transmission undergo a greater pressure than the "design maximum value". That 
is, an overshoot of the line pressure becomes greater with respect to the "design 
maximum value". 

[0006] Typically, the strength of the engagement elements of the transmission, 
particularly, pulleys of the V-belt type transmission, is designed to have the "design 
maximum value" as an upper limit. Thus, v^hen undergoing a greater pressure than the 
"design maximum value", the pulleys suffer deterioration of the durability. 
SUMMARY OF THE INVENTION 

[0007] It is. therefore, an object of the present invention to provide a system and 
method of controlling an automatic transmission, which contributes to an enhancement in 
the durability of the pulleys. 

[0008] The present invention provides generally a system for controlling an automatic 
transmission, which comprises: a source of a line pressure; an oil-temperature sensor 
which senses a temperature of a transmission oil; an engine-speed sensor 
which senses an engine speed; a hydraulic-pressure sensing device which 
senses an actual value of the line pressure; a control circuit which controls the line 
pressure; and a control unit which controls the control circuit, the control unit being 
configured to: determine that engine cranking starts when the engine speed is greater 
than a predeteimined speed; set as a low-pressure control set time a time required from 
start of engine cranking to completion of an overshoot of the line pressure due to 
increase in the engine speed; determine that the actual value of the line pressure is equal 
to or greater than a predetermined value; determine that the actual value as determined 
is held for a pericxi longer than the low-pressure control set time; and provide first and 
second indicated values of the line pressure to the control circuit when the 
25 transmission-oil temperature at engine start is equal to or smaller than a predetermined 
temperature, the first indicated value being smaller than the second indicated value, the 
first indicated value being provided when at least a range other than a drive range is 
selected, the second indicated value being provided when the drive range is selected, 
the second indicated value being provided when it is determined that the actual value of 
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3 P03JTC023 
the line pressure is equal to or greater than the predetermined value, and when rt is 
determined that the actual value as determined is held for the period longer than the 
low-pressure control set time. 
BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0009] The other objects and features will become apparent from the following 
description with reference to the accompanying drawings, wherein: 
[0010] FIG. 1 is a block diagram showing a V^belt type CVT to which the present 
invention is applied; 

[001 1] FIG. 2 is a diagram similar to FIG. 1. showing a hydraulic control unit and a CVT 
10 control unit; 

[0012] FIG. 3 is a diagram showing a hydraulic circuit for a fonA/ard clutch and a reverse 
brake and a line-pressure control circuit; 

[0013] FIG. 4 is a graph illustrating the relationship between the solenoid drive duty and 
the line pressure and clutch source pressure; 
15 [0014] FIG. 5 is a flow chart showing operation of the embodiment; 

[0015] FIG. 6 is a map illustrating a characteristic of a required secondary pressure in 
accordance with the shift ratio and input torque; 

[0016] FIG. 7 is a map similar to FIG. 6. illustrating a characteristic of a required primary 
pressure in accordance with the shift ratio and input torque; 
20 [001 7] FIG. 8 is chart similar to FIG. 5, showing operation of the embodiment; and 

[0018] FIG. 9 is a time chart illustrating operation of line-pressure control at the time of 
ultra-low temperature start. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] Referring to the drawings, a description is made about a system for controlling 
25 an automatic transmission embodying the present invention. First, referring to FIG. 1, 
the structure of the control system is described. Referring to FIG. 1 , a V-bent type CVT 
5 is coupled to an engine 1 through a torque converter 2 with a lockup clutch and a 
forward/reverse switching mechanism 4. The CVT 5 comprises a pair of variable 
pulleys, i.e. a primary pulley 10 coupled to an input shaft and a secondary pulley 11 
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coupled to an output shaft 13. The variable pulleys 10. 1 1 are coupled together through 
a V-belt 12, The output shaft 13 is coupled to a differential gear 6 through an idler gear 
14 and an idler shaft. 

[0020] The shift ratio of the CVT 5 and the contact friction of the V-belt 12 are controlled 
5 by a hydraulic control unit (HCU) 100 responsive to a command of a CVT control unit 
(CVTCU) 20. The CVTCU 20 detemiines the shift ratio and the contact friction in 
accordance with input-torque infomiation derived from an engine control unit (ECU) 21 
for controlling the engine 1 and signals output from various sensors and the like as will be 
described later. 

10 [0021] The primary pulley 10 comprises a stationary conical plate 10b rotating together 
with the output shaft 13 and a movable conical plate 10a disposed opposite to the 
stationary conical plate 10b to form a V-shaped pulley groove and being axially movable 
in accordance with the hydraulic pressure or primary pressure acting on a primary-pulley 
cylinder chamber 1 0c. 

15 [0022] The secondary pulley 11 comprises a stationary conical plate lib 
rotating together with the output shaft 13 and a movable conical plate 11a disposed 
opposite to the stationary conical plate lib to form a V-shaped pulley groove and being 
axially movable in accordance with the hydraulic pressure or secondary pressure acting 
on a secondary-pulley cylinder chamber 11c. 

20 [0023] The primary-pulley cylinder chamber 10c and the secondary-pulley cylinder 
chamber 11c have the same pressure acting area. 

[0024] Drive torque input from the enginel is provided to the CVT 5 through the torque 
converter 2 and the forward/reverse switching mechanism 4, which is transferred from 
the primary pulley 10 to the secondary pulley 1 1 through the V-belt 12. At that time, by 
25 axially displacing the movable conical plates 10a. 11a of the primary and secondary 
pulleys 10, 1 1 to change the contact radius with respect to the V-belt 12. the conversion 
ratio between the primary and secondary pulleys 10. 1 1 can be changed continuously. 
[0025] The shift ratio of the CVT 5 and the contact friction of the V-belt 12 are controlled 
by the HCU 100. 
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[0026] Referring to FIG. 2. the HCU 100 cx)mprises essentially a pressure regulating 
valve or third valve 60 for cx)ntro!ling a line pressure Pl provided from an oil punnp 22, a 
shift control valve or first valve 30 for controlling the hydraulic pressure or primary 
pressure within the primary-pulley cylinder chamber 10c, and a pressure reducing valve 
5 or second valve 61 for controlling the hydraulic pressure or secondary pressure within 
the secondary-pulley cylinder chamber 11c. 

[0027] The shift control valve 30 is connected to a serve link 50 constituting a 
mechanical feedback mechanism, and is driven by a stepping motor 40 coupled to one 
end of the servo link 50. The shift control valve 30 receives feedback of the groove 
10 width, i.e. actual shift ratio, from the movable conical plate 10a of the primary pulley 10 
coupled to another end of the sen/o link 50. 

[0028] A line-pressure control circuit comprises pressure regulating valve 60 with a 
solenoid for regulating pressure oil supplied from the oil pump 22 so as to obtain a 
predetermined line pressure Pl corresponding to operating conditions and 
15 responsive to a command, e.g. duty signal, of the CVTCU 20. 

[0029] The line pressure Pl is supplied to the shift control valve 30 for controlling the 
primary pressure and the pressure reducing valve 61 with solenoid for controlling the 
secondary pressure. 

[0030] The conversion ratio between the primary and secondary pulleys 10, 11 is 
20 controlled by the stepping motor 40 driven responsive to a shift-command signal of the 
CVTCU 20. Specifically, a spool 31 of the shift control valve 30 is driven in accordance 
with displacement of the servo link 50 operated responsive to the stepping motor 40, so 
that the line pressure Pl supplied to the shift control valve 30 is regulated to the primary 
pressure, which is provided to the primary pulley 10 to variably control the groove width. 
2 5 thus achieving setting of a predetermined shift ratio. 

[0031] The shift control valve 30 canies out supply and discharge of the hydraulic 
pressure from the primary-pulley cylinder chamber 10c through displacement of the 
spool 31 to regulate the primary pressure so as to achieve a target shift ratio 
commanded at the drive position of the stepping motor 40. When shift is completed 
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actually, the spool 31 is closed in accordance with displacement of the servo link 50. 
[0032] Refemng to FIG. 1. the CVTCU 20 inputs rotational-speed signals of a 
prinnary-pulley rotational-speed sensor 26 for sensing the rotational speed of the primary 
pulley 10 and a secondary-pulley rotational-speed sensor 27 for sensing the rotational 
5 speed of the secondary pulley 1 1 , a pressure signal of a hydraulic-pressure sensor 28 for 
sensing the secondary pressure within the secondary-pulley cylinder chamber 11c. a 
select-position signal of an inhibitor switch 23. a stroke or accelerator-pedal-opening 
signal of an operation-amount sensor 24 for sensing the operation amount of an 
accelerator pedal actuated by a driver, and a temperature signal of an oil-temperature 

10 sensor 25 for sensing the oil temperature in the CVT 5. thus variably controlling the shift 
ratio of the CVT 5 and the contact friction of the V-belt 1 2. The CVTCU 20 also receives 
signals of an engine-speed sensor 29 for sensing the engine speed and a 
throttle-opening sensor 32 for sensing the throttle-valve opening through the ECU 21 . 
[0033] The CVTCU 20 comprises a shift control part 201 for detemiining a target 

15 shift ratio in accordance with the vehicle velocity and the stroke of the accelerator 
pedal and controlling an actual shift ratio toward the target shift ratio by driving the 
stepping motor 40, and a pulley-pressure or hydraulic-pressure control part 202 for 
controlling thrust or contact friction of the primary and secondary pulleys 10. 11 in 
accordance with input torque, shift ratio, oil temperature, shift velocity and the like. 

20 [0034] The pulley-pressure control part 202 determines a target value of the line 
pressure Pl in accordance with input-torque information, the shift ratio obtained from 
primary-pulley rotational speed and secondary-pulley rotational speed, and the oil 
temperature, and controls the line pressure Pl by driving the solenoid of the pressure 
regulating valve 60. Moreover, tine contirol part 202 determines a target value of the 

25 secondary pressure, and controls the secondary pressure through feedback control or 
closed-loop control by driving tiie solenoid of the pressure reducing valve 61 in 
accordance with a detected value of the hydraulic-pressure sensor 28 and the target 
value. 

[0035] Referring to FIG. 3. the structure of the forward/reverse switching mechanism 4 



7 P03JTC023 

is described. FIG. 3 sfiows a hydraulic circuit for engaging and releasing a forward 
clutch 8 and a reverse brake 9 of the forward/reverse switching mechanism 4 by 
ON/OFF of the engagement pressure and a control circuit of the line pressure Pl. 
[0036] During control of the line pressure Pl carried out by the pressure regulating 
5 valve 60, excess oil is provided firom the valve 60 to a circuit 71. By the medium of 
excess oil, a clutch regulating valve 70 regulates the hydraulic pressure within the circuit 
71 to a predetemriined clutch source pressure Pco- 

[0037] The pressure regulating valve 60 and the clutch regulating valve 70 are 
responsive to a control pressure Ps which a 2-way linear solenoid 80 produces from a 

10 constant pilot pressure of a pilot valve, not shown, in accordance with a duty D, i.e. 2-way 
linear-solenoid drive duty D, to control the line pressure Pl and the clutch source 
pressure Pco in accordance with the control pressure Ps and ttie 2-way linear-solenoid 
drive duty D and with reference to a map shown in FIG. 4. for example. 
[0038] Referring to FIG. 4, the line pressure Pl varies between a minimum value 

15 Plmin and a maximum value Plmax in accordance with the 2-way linear-solenoid 
drive duty D as shown in FIG. 4, whereas the clutch source pressure Pco varies between 
a minimum value Pcmin and a maximum value Pcmax in accordance with the 2-way 
linear-solenoid drive duty D as shown in FIG. 4. 

[0039] The clutch source pressure Pco is supplied to a select switching valve 90. In 
20 the forward range, the select switching valve 90 provides the clutch source pressure Pco 
to the forward clutch 8 to produce an engagement pressure Pc thereof and drain an 
engagement pressure Pb of the reverse brake 9. In the reverse range, the select 
switching valve 90 provides the clutch source pressure Pco to the reverse brake 9 to 
produce the engagement pressure Pb and drain the engagement pressure Pc of the 
2 5 fonward dutch 8. In the pari<ing/stop range, with the clutch source pressure Pco shut off, 
the select switching valve 90 drains both the engagement pressure Pc of the forward 
clutch 8 and the engagement pressure Pb of the reverse brake 9. 
[0040] Next, operation of the control system is described. Referring to FIG. 5, a 
description is made about line-pressure control carried out by the CVTCU 20. 
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[0041] At a step S1. an actual shift ratio is calculated in accordance with the ratio 
between primary-pulley rotational speed sensed by the primary-pulley rotational-speed 
sensor 26 and secondary-pulley rotational speed sensed by the secondary-pulley 
rotational-speed sensor 27. 

[0042] At a step S2. input torque to the CVT 5 is calculated in accordance with 
input-torque information out of the ECU 21. 

[0043] At a step S3, a required secondary pressure is calculated in accordance with the 
actual shift ratio and input torque and with reference to a map shown in FIG. 6. This 
map is previously set in such a way that as the shift ratio is smaller (Od side), the 
hydraulic pressure is lower, whereas as the shift ratio is greater (Lo side), the hydraulic 
pressure is higher, and that as input torque is greater, the hydraulic pressure is higher, 
whereas input torque is smaller, the hydraulic pressure is lower. 

[0044] At a step S4, a required primary pressure is calculated in accordance with the 
shift ratio and input torque and with reference to a map shown in FIG. 7. This 
map is previously set in such a way that as the shift ratio is smaller, the hydraulic 
pressure is lower, whereas as the shift ratio is greater, the hydraulic pressure is higher, 
and that as input torque Is greater, the hydraulic pressure is higher, whereas as input 
torque is smaller, the hydraulic pressure is lower. That is, the primary pressure is set to 
be relatively higher on the side of small shift ratio, and relatively lower on the side of large 
shift ratio with respect to the required secondary pressure. Note that an inverse 
relationship of magnitude is formed between the required primary pressure and the 
required secondary pressure in some cases. 

[0045] At a step S5. a primary-pressure manipulated variable or primary-pressure 
target value is calculated in accordance with the following formula: 

primary-pressure manipulated variable = required primary pressure + offset amount 

where the offset amount is a value (hydraulic-pressure additional value) set in 
accordance with a characteristic of the shift control valve 30. i.e. it is a value for 
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compensating a pressure loss since a pressure-loss characteristic is not fully proportional 
to the hydraulic pressure. 

[0046] At a step S6. it is determined whether or not the primary-pressure manipulated 
variable is greater than the required secondary pressure. If it is detemiined that the 
5 primary-pressure manipulated variable > the required secondary pressure, control 
proceeds to a step S7. whereas the primary-pressure manipulated variable < the 
required secondary pressure, control proceeds to a step S8. 

[0047] At the step S7. a line-pressure manipulated variable is set equal to the 
primary-pressure manipulated variable, then control comes to an end. 
10 [0048] At the step SB. the line-pressure manipulated variable is set equal to the 
required secondary pressure, then control comes to an end. 

[0049] As described above, the greater of the primary-pressure manipulated variable 
and the required secondary pressure is obtained as line-pressure manipulated variable 
or target hydraulic pressure, which is then converted to a controlled variable, such 
15 as duty signal, for driving the solenoid of the pressure regulating valve 60. actuating the 
pressure regulating valve 60. 

[0050] Refemng to FIG. 8. a description is made about line-pressure control at the time 
of ultra-low temperature start earned out by the CVTCU 20. 

[0051] At a step S101 . it is determined whether or not the oil temperature is equal to or 
20 lower than - 20»C in accordance with a detected value of the oil-temperature sensor 25. 
If it is determined that oil temperature s - 20"C. control proceeds to a step S102. whereas 
if it is determined that oil temperature > - 20X. control comes to an end. 
[0052] At a step S102. a command is provided to the pressure regulating valve 60 to 
minimize an indicated value of the line pressure Pl. Moreover, a command is provided 
to the pressure reducing valve 61 to maximize an indicated value of the secondary 
pressure. 

[0053] At a step S103. it is determined whether or not an engine speed Ne is greater 
than a predetermined speed Ni in accordance with an output signal of the engine-speed 
sensor 29. If it is determined that Ne > Ni. control proceeds to a step S104. whereas if 



25 



10 P03JTC023 
it is determined that Ne < Ni, control comes to an end. 

[0054] At a step S104. It is detemiined whether or not the hydraulic-pressure sensor 28 
falls. If it Is determined that the hydraulic-pressure sensor 28 fails, control proceeds to a 
step S1 1 1 . whereas it is determined that the hydraulic-pressure sensor 28 does not fail, 
control proceeds to a step S105. 

[0055] At a step S105. it is determined whether or not the actual line pressure Pl is 
equal to or greater than an ultra-low pressure set value Pi in accordance with a detected 
value of the hydraulic-pressure sensor 28. Here, the hydraulic-pressure sensor 28 
senses the secondary pressure. Since the pressure reducing valve 61 is driven to 
maximize the secondary pressure at the step S102. the actual secondary pressure is 
equal to the actual line pressure Pl. If it is determined that actual secondary pressure > 
Pi. control proceeds to a step S106. whereas it is determined that actual secondary 
pressure < P-i, control comes to an end. 

[0056] At a step S106.it is determined whether or not a timer tg is greater than a 
line-pressure low-pressure control command set time Ta. If it is determined that 
ta > Ta. control proceeds to a step 108. whereas it is determined that ta s Tg. control 
proceeds to a step 8107. 

[0057] At the step SI 07. the timer ta is incremented by 1 . 

[0058] At the step S108. it is determined whether or not the drive range is selected in 
accordance with a range signal of the inhibitor switch 23. If it is determined that the 
drive range is selected, control proceeds to a step SI 09, whereas it is determined that 
the drive range is not selected, control comes to an end. 

[0059] At the step SI 09. a command is provided to the pressure regulating valve 60 so 
as to maximize the indicated value of the line pressure Pl. 

[0060] At a step S1 10. it is determined whether or not the actual line pressure Pl is 
equal to or greater than a set value Pj. If it is determined that Pl ^ P2. control proceeds 
to a step S1 17. whereas if it is determined that Pl < P2. control comes to an end. 
[0061] At the step S1 1 1 . it is determined whether or not a timer tb is equal to or greater 
than a first set time Tfa. If it is determined that tb ^ Tb. control proceeds to a step 113. 
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whereas it is determined that tb < Tb. control proceeds to a step S1 1 2. 
[0062] At the step S1 1 2. the timer tb is incremented by 1 , 

[0063] At the step S113, it is detemiined whether or not the drive range is selected in 
accordance with a range signal of the inhibitor switch 23. If it is determined that the 
5 drive range is selected, control proceeds to a step S114, whereas it is determined that 
the drive range is not selected, control comes to an end. 

[0064] At the step S1 14, a command is provided to the pressure regulating valve 60 so 
as to maximize the indicated value of the line pressure Pl. 

[0065] At a step S1 15, it is determined whether or not a timer tc is equal to or greater 
10 than a second set time Tq. If it is detemiined that tc ^ Tc, control proceeds to a step 117, 
whereas it is determined that tc < Tc, control proceeds to a step S1 16. 
[0066] At the step S1 16, the timer tc is incremented by 1 . 

[0067] At the step S1 17, a command is provided to the clutch regulating valve 70 so as 
to maximize an indicated value of the forward-clutch engagement pressure Pc. 
15 [0068] The timers ta, tb, tc are initialized, then control comes to an end. 

[0069] Referring to FIG. 9. a description is made about operation of line-pressure 
control at the time of ultra-low temperature start. 

[0070] At an instant t1, the engine speed Ne exceeds predetermined speed N1 by 
cranking. At that time, referring to FIG. 8, control is carried out along flow of step 8101 
20 step S102 step S103 step 8104. That is, at the step 8101, It is determined that 
oil temperature < - 20X, and at the step 8102, the indicated value of the line pressure Pl 
is minimized. Then, at the step 8103, it is determined that engine speed Ne > 
predetermined speed Ni. 

[0071] At the step SI 04, flow is bifurcated in accordance with presence or absence of a 
25 failure of the hydraulic-pressure sensor 28. If it is determined that the 
hydraulic-pressure sensor 28 fails, control proceeds from the step 8104 through the step 
81 1 1 to the step 81 12. That is. at the step 81 1 1 , it is determined that timer tb < first set 
time Tb, and the step S1 12, the timer tb is incremented by 1 . 

[0072] One the other hand, at the step 8104, if it is determined that the 
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hydraulic-pressure sensor 28 does not fail, control proceeds from the step S104 to the 
step S105. At the step S105. it is determined that actual line pressure Pl < uRra-low 
pressure set value Pi. 

[0073] At an instant t2, the actual line pressure Pl reaches line-pressure ultra-low set 
value Pi . At that time, refenring to FIG. 8, control is canied out along flow of step S1 05 
step S106 step S107. That is. at the step S105. it is determined that actual line 
pressure Pl ^ ultra-low pressure set value Pi. and at the step S106. H is determined that 
timer ta ^ line-pressure low-pressure control command set time Tg. Then, at the step 
S107, the timer ta is incremented by 1. 

[0074] At an instant t3, the select range is changed from the parking range to the drive 
range. 

[0075] At an instant t4. If the hydraulic-pressure sensor 28 does not fail, time longer 
than the line-pressure low-pressure control command set time Tg elapses after the actual 
line pressure Pl reaches ultra-low pressure set value Pi. Thus, referring to FIG. 
8, control is carried out along flow of step S 106 step S 108 step S 109 step 
S1 1 0. That is. at the step S1 08. it is detemriined that the drive range is selected, and at 
the step S109. the indicated value of the line pressure Pl is maximized. Then, at the 
step S1 10, it is detemnined that actual line pressure Pl < set value P2. 
[0076] On the other hand, even if the hydraulic-pressure sensor 28 fails, the timer tb 
reaches first set time Tb. Thus, referring to FIG. 8, control is carried out along flow of 
step S111 -» step S113 - step S114 -> step S115 -* step S116. That is. at the step 
S1 13, it is determined that the drive range is selected, and at the step S114, the 
indicated value of the line pressure PlIs maximized. At the step S1 15. it is detemiined 
that timer tc < second set time Tc. Then, at the step S1 16. the timer tc is incremented 
by 1. 

[0077] At an instant t5, if the hydraulic-pressure sensor 28 does not fail, the actual line 
pressure Pl reaches set time P2. Thus, referring to FIG. 8. control is canied out along 
flow of step S110 -» step S117 step S118. That is. at the step S117. the indicated 
value of the forward-clutch engagement pressure Pc is maximized, and at the step S1 18. 
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timers ta, tb, tc are initialized. 

[0078] On the other hand, even if the hydraulic-pressure sensor 28 fails, the timer tc 
reaches second set time Tc. Thus, refening to FIG. 8. control is carried out along flow of 
step S11 5 -» step S1 17 -» step S1 18. 

[0079] At an instant t6, the forward clutch 8 is engaged. At that time, the line pressure 
Pl is already maximized, so that the engagement pressure of the fonvard clutch 8 cannot 
exceed the pulley cramp pressure due to response lag of the hydraulic pressure. 
[0080] Next, an effect of the embodiment is described. In the embodiment, at the time 
of ultra-low temperature start with the oil temperature of - 20''C or less, control is earned 
out such that when the state that the actual line pressure Pl is equal to or greater than 
ultra-low set value Pi continues for a period longer than the line-pressure low-pressure 
control command set time Ta, it is determined that the line pressure Pl is under 
regulation, maximizing the indicated value of the line pressure Pl. Specifically, with the 
pressure regulating valve 60 being supplied with the hydraulic pressure obtained 
from the source pressure ofthe oil pump 22 and capable of being reduced up to the 
"design maximum value" of the line pressure Pl, the line pressure Pl is maximized. 
Thus, an overshoot ofthe line pressure Pl with respect to the "design maximum value" is 
restrained within a small value to prevent occurrence of an excessive pulley cramp 
pressure, allowing an enhancement in the durability ofthe pulleys 10, 11. 
[0081] Further, when the hydraulic-pressure sensor 28 fails, control is earned out such 
that when the first set time Tb elapses after the engine speed Ne exceeds predeteimined 
speed Ni, it is determined that the line pressure PlIs under regulation, maximizing the 
indicated value of the line pressure Pl- Thus, even when the actual line pressure Pl 
cannot be detected, an overshoot ofthe line pressure Pl can be restrained. 
[0082] Still further, before the actual line pressure Pl reaches set value P2, the indicated 
value of the forward-clutch engagement pressure Pc is not maximized. This can 
prevent engagement ofthe fonward clutch 8 before increasing ofthe actual line pressure 
PLdue to response lag ofthe hydraulic pressure, and thus occurrence of slippage ofthe 
V-belt 12. 
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[0083] Furthermore, when the second set time Tc elapses after determining that the 
line pressure Pl is under regulation, the indicated value of the fonA^ard-clutch 
engagement pressure Pc is maximized. This can prevent occun-ence of slippage of the 
V-belt 12 even when the actual line pressure Pl cannot be detected due to failure of the 
5 hydraulic-pressure sensor 28. 

[0084] According to the invention in claim 1, the second indicated value is provided 
when it is determined that the actual value of the line pressure is equal to or greater than 
the predetemiined value, and when it is determined that the actual value as determined 
is held for the period longer than the low-pressure control set time. Refem'ng to FIG. 9, 

10 at engine start, the line pressure overshoots largely after start of cranking due to increase 
in the engine speed, then undershoots slightly, coming into the regulated or stabilized 
state wherein the line pressure is equal to or greater than ultra-low set value and smaller 
than indicated value of the line pressure. That is, it is set as a low-pressure control set 
time a time required from start of engine cranking to completion of an overshoot of the 

15 line pressure due to increase in the engine speed. And when It is detennined 
that the actual value of the line pressure is equal to or greater than the predetermined 
value or ultra-low set value, and that the actual value as determined is held for the period 
longer than the low-pressure control set time, it is detemiined that the line pressure is 
under regulation. Thus, erroneous determination can be prevented that an overshoot 

20 due to cranking is caused by regulation of the line pressure. 

[0085] And the indicated value of the line pressure is set at a normal value after 
regulation of the line pressure. With this, when a command of the indicated value of the 
line pressure to the line-pressure control circuit is switched from a line-pressure 
low-pressure control command to a line-pressure normal control command, an overshoot 

25 of the line pressure exceeding the "design maximum value" can be reduced, achieving a 
reduction in abrupt load variations applied to the transmission, resulting in enhanced 
durability thereof. Note that the ultra-low set value of the line pressure is set considering 
dispersion of the hydraulic pressure and a sensing error of the hydraulic-pressure 
sensing device for the actual line pressure predicted when the indicated value of the line 
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pressure is ultra low. The ultra-low set value Is lower than the indicated value. 
[0086] According to the invention in claim 2. the V-bett type CVT is free from 
occurrence of an excessive pulley cramp pressure due to overshoot of the line pressure. 
The system of the earlier art has greater overshoot of the secondary pressure, and thus 
provides excessive cramp pressure to the secondaiy pulley, leading to possibility of 
causing damage to the pulleys and the V-bett. On the other hand, the invention in claim 
2 allows a reduction in damage to be caused to the pulleys and the V-belt, resulting in 
enhanced durability thereof. 

[0087] In the V-bett type CVT wherein the secondary pressure is sensed by the 
hydraulic-pressure sensor, and the line pressure is reduced through the pressure 
reducing valve in accordance with the sensed value and a target value to feedback 
control the secondary pressure of the secondary pulley, setting of an indicated value of 
the pressure reducing valve to be greater than that of the line pressure provides a 
condition of "actual secondary pressure" = "actual line pressure", allowing direct 
detection of the actual line pressure, removing additional arrangement of a 
hydraulic-pressure sensor for sensing the line pressure. 

[0088] According to the invention in claim 3, even if the actual line pressure cannot be 
sensed due to failure of the hydraulic-pressure sensing device, the regulated state of the 
line pressure can be detemiined from the engine speed and the first set time, resulting in 
retrained overshoot of the line pressure. Note that the first set time is a time predicted to 
be required from an instant that the engine speed exceeds a predetennined speed to an 
instant that the second indicated value is provided when it is determined that the actual 
value of the line pressure is equal to or greater than the predetemiined value, and when 
it is detemiined that the actual value as determined is held for the period longer than the 
low-pressure control set time. The first set time can be estimated from experimental 
data and the like. Optionally, the first set time may be obtained by measurement such 
that when the hydraulic-pressure sensor functions normally, it is measured and recorded 
a time required from an instant that the engine speed exceeds a predetermined speed to 
an instant that the second indicated value is provided when it is detennined that the 
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actual value of the line pressure is equal to or greater than the predetermined value, and 
when it is determined that the actual value as determined is held for the period longer 
than the low-pressure control set time. 

[0089] According to the invention in claim 4, the engagement element is not engaged 
5 before the actual line pressure reaches a predetermined value, allowing prevention of 
engagement of the engagement element before increasing of the actual line pressure 
due to response lag of the hydraulic pressure, and thus occurrence of slippage of the 
V-belt. Note that the predetermined value of the actual line pressure is a value which 
allows sufficient pulley cramp pressure. The predetermined value may be greater than 
10 a maximum indicated value of the clutch pressure to be supplied to the engagement 
element. 

[0090] According to the invention in claim 5. the maximum indicated value of the line 
pressure is provided when it is determined that the second set time elapses after the line 
pressure is under regulation. Thus, even if the actual line pressure cannot be 

15 sensed due to failure of the hydraulic-pressure sensing device, it can be 
prevented engagement of the engagement element before increasing the line pressure, 
and thus occurrence of slippage of he V-belt. Note that the second set time is a time 
predicted to be required from an instant that the second indicated value of the line 
pressure is provided to the control circuit to an instant that the line pressure is fully 

20 increased. The second set time can be estimated from experimental data and the like. 
[0091] Having described the present invention in connection with the illustrative 
embodiment, it is noted that the present invention is not limited thereto, and various 
changes and modifications can be made without departing from the scope of the present 
invention. 

25 [0092] By way of example, in the illustrative embodiment, when the hydraulic-pressure 
sensor 28 does not fail, control is earned out such that when the actual line pressure Pl 
exceeds set value P2, the forward-clutch engagement pressure Pc is maximized. On 
the other hand, when the hydraulic-pressure sensor 28 fails, control is carried out such 
that when the second se time Tc elapses after determining that the line pressure Pl is 
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under regulation, the forward-clutch engagement pressure Pc is maximized. Optionally, 
when the hydraulic-pressure sensor 28 does not fail, control can be carried out such that 
when the actual line pressure Pl reaches set value P2, or when the second set time Tc 
elapses after determining that the line pressure Pl is under regulation, the forward-clutch 
engagement pressure Pc is maximized, 

[0093] The entire teachings of Japanese Patent Application P2002-285496 filed 
September 30. 2002 are incorporated thereby by reference. 



